INTRODUCTION
The overwhelming majority of information on the genetic map of chromosome 6 relates to the study of the major histocompatibility complex (MHC) on the short arm, at 6~21.3. Even though chromosome 6 contains several important clinical markers, classic enzyme loci, protooncogenes, and approximately 5.8% of the human genome (approximately 175 million bp of DNA), surprisingly few genetic markers (outside the MHC) have been localized to this chromosome. One technical hindrance to probe localization on chromosome 6 has been a rela- ' tive paucity of hybrids with defined breakpoints along chromosome 6 (especially for the long arm), due in large part to the lack of a marker for direct selection on this chromosome.
Our interest in chromosome 6 stems from several lines of evidence suggesting the nonrandom rearrangement of the long arm in several malignant disorders (most notably malignant melanoma).
In melanoma tumors, deletions or nonreciprocal translocations resulting in the loss of material from the long arm of chromosome 6 are observed in the majority of cases. At the molecular level, loss of heterozygosity for 6q has been documented (Millikin et al., 1991) , and recently microcell-mediated chromosome transfer has provided biologic evidence for a tumor suppressor gene on human chromosome 6 (Trent et al., 1990) . Hindering the identification of this putative tumor suppressor gene has been the lack of large numbers of regionally mapped molecular probes for 6q. Thus, as a first and fundamental step to facilitate further studies on chromosome 6, we now report the development of a somatic cell hybrid mapping panel to define subregions of the long arm of chromosome 6. This panel has been used to assign clones from a linking library consisting of genomic clones spanning the restriction site for the rare-cutting enzyme NotI. These Not1 probes are of significant interest because of their facilitation in construction of long-range physical maps and, equally important, their possible utility in identifying additional coding sequences. Thus, the recognition that CpG islands often reside near the 5' end of transcription units (and the preferential cutting of CpG by rare-cutting restriction enzymes like NotI) provides a means for identifying conserved and potentially transcribed sequences in a region of interest.
This report describes a detailed hybrid mapping panel that identifies eight distinct regions on chromosome 6 and provides specific information about the order of several DNA markers along the long arm. Cells from the hybrid HAL26-12 were derived from a malignant melanoma cell line displaying a t( 1;6)(q21;q13) (Trent et al., 1989) . A summary of the cell line designation, rodent background, chromosome 6 segment, and notation of other human chromosomes is provided in Table 1 .
Chronwsomal analysis. Chromosomes were harvested and Gbanded to identify breakpoints as previously described (Trent and Thompson, 1987) . In addition to G-banding, documentation of human-specific sequences was obtained using G-11 staining (Bobrow and Cross, 1974) . Documentation of chromosome 6-specific sequences was obtained by fluorescence in situ hybridization utilizing a painting probe specific for human chromosome 6 (obtained from Imaginetics, Naperville, IL). The protocol utilized for fluorescence insitu hybridization was modified from Pinkel et al. (1988) . In addition, we generated chromosome g-specific painting probes for the derivative chromosome 6 in two hybrids (R21-1B and MCH381.2D). They were generated by EcoRI digestion of hybrid DNA followed by nick-translation using a biotin-labeled nucleotide.
DNA isolation, gel electrophoresis, and hybridization. DNA for standard Southern blotting was isolated from hybrid cell lines and various controls as previously described (Meese et al., 1989b) . DNA was digested with the appropriate restriction enzyme and fractionated by electrophoresis on a 0.9% agarose gel. Prehybridization and hybridization were as described previously (Meese et al., 1989b) . All probes were labeled using the random primer method of Feinberg and Vogelstein (1984) .
Pulsed-field gel electrophoresis (PFGE) was performed using a modified CHEF system (Meese and Meltzer, 1990) and protocols previously described (Meese et al., 1989a No inconsistencies between our cytogenetic results and our studies using chromosome g-specific DNA markers have been detected. As indicated by the idiogram in Fig. 1 
RESULTS

Isolation and Characterization of Hybrid Cell Lines
Figure 1 provides a schematic representation of the somatic cell hybrid mapping panel utilized in these studies. Idiograms documenting the region of chromosome 6 present in each hybrid are provided and delineate eight regions (one short arm, seven long arm). Representative metaphase chromosomes documenting the chromosome 6 alterations in selected hybrids are presented in Fig. 2 .
Two different sources of DNA probes have been utilized for regional assignment in this study, with results presented in Fig. 3 . First, three anonymous polymorphic markers were regionally assigned on chromosome 6 utilizing this panel: pHHH157 (D6S29), 6p; pYNZ132 (D6S44), 6q25.3-qter, and pTHH5 (D6S39), 6q25.3-qter (the latter two previously assigned to p21-qter) (Fig. 3) . Two other polymorphic probes (ESR and MYB) were mapped relative to this panel (ESR, 6q23.3-25.2; MYB, 6q21-23.2). These two assignments corroborate previous mapping data for these probes and further validate the consistency of the mapping panel.
Cytogenetic analysis was performed on all nine hybrids to confirm that they contained the derivative chromosome 6. Hybrids were characterized using G-banding, G-11 staining, and chromosome-painting analysis using chromosome 6-specific probes and fluorescence in situ hybridization (Fig. 2) . As documented in Table 1 , three hybrids contained chromosome 6 as their only human DNA (Q99%1B, MCH262-AlD6, and MCH381.2D). The MCH262-AlD6 hybrid line containing a normal chromosome 6 is the parent of the MCH381.2D hybrid, which was generated by radiation reduction. As shown in Table 1 , the five remaining hybrid lines contained a variety of human chromosomes in addition to chromosome 6 (most notably the Y chromosome in hybrid lines 640~5A, R21-lB, and Q836-3A). Finally, hybrid HAL26-12 (containing the region 6pter-q13) is derived from the fusion of mouse clone 1D cells with cells from a human A Not1 partial EcoRI boundary library was constructed from a chromosome 6-specific ATCC library (LAOGNSOl). Twenty-five single-copy clones from the long arm of chromosome 6 were selected for regional localization with 8 being found to originate from identical Not1 sites. Of the remaining 17 Not1 probes, the insert size ranged from 3.5 to 6.8 kb (Fig. 4) . As illustrated in Fig. 3 , one linking clone mapped to Region 3, two linking clones to Region 4, three linking clones to Region 6, six linking clones to Region 7, and five linking clones to Region 8. The probes PN2-6 (D6S78), PN2-34 (D6S64), PN2-11 (D6S66), PN2-39 (D6S67), which were previously assigned to q22-qter, have been sublocalized to Region 7 (6q23.3-q25.2) by the extended mapping panel. The probe PN2-29 (D6S68), which has previously been assigned to 6q21, was also mapped to the band 6q23.3-q25.2.
The location of these Not1 linking probes (summarized in Fig. 3) demonstrates the apparent nonuniform distribution of probes along this chromosome with an abundance of probes in the 6q24-qter region. These FISH results corroborate the G-banding and document the translocation of chromosome 6 to rodent chromosomes in these two hybrid lines. The inset to C depicts FISH analysis to a normal chromosome 6 using for a probe biotinylated EcoRI-digested DNA from the R21-1B hybrid cell line. As can be observed, comparing the G-banded normal chromosome 6 (inset, left) to the same chromosome "painted" by labeled DNA from the R21-1B cell line readily identifies an interstitial deletion in this hybrid (see Fig. 1 ). This approach was also utilized to document the interstitial deletion of the derivative 6 chromosome within the hybrid line MCH381.2D (results not shown). Fig. 1 . In addition, six previously described polymorphic markers were sublocalized on 6q. If locus symbols have been assigned, they are given in parentheses following the probe name.
Importantly, to confirm further the validity of this panel, we remapped a subset of the Not1 boundary clones using an independently derived somatic hybrid panel (Naylor et at., 1983) . The clones we remapped included PNl-81, PN3-55, PN3-29, and PN3-14. In all cases, the results of this panel (which is expanded for 6p) were in agreement with the localizations obtained by our 6q expanded mapping panel.
PFGE Analysis of Not1 Clones
As described above, the nonuniform distribution of Not1 linking clones along chromosome 6 may suggest the presence of CpG-enriched DNA (HTF islands) and raises the possibility of nearby transcribed regions. This association of transcribed regions within the Not1 clones was examined by first cross-hybridizing Not1 clones to DNA from different species (zoo blots). Of interest, 7/17 (41%) of the Not1 probes analyzed showed single-copy hybridization signals with mouse and hamster DNA suggestive of highly conserved sequences.
These Not1 clones, in addition to providing an access to transcribed regions, can be used to establish largescale physical maps. Accordingly, each Not1 clone can identify two adjacent Not1 fragments, thereby greatly facilitating the construction of extended physical maps. As shown in Fig. 5A , clone PN2-24 identifies two Not1 fragments on a PFGE gel that are adjacent to each other on chromosome 6. However, the majority of the Not1 clones identified only one corresponding DNA fragment on a PFGE gel (Fig. 5B) . To analyze Not1 clones, we used PFGE conditions to separate DNA fragments up to 1500 kb. Fragments larger than 1500 kb are not fractionated and remain in the wells of the gel or in the high-compression zone.
The results of the PFGE analysis demonstrate a different hybridization pattern for each Not1 clone (results not shown). Since the smallest DNA fragment separated on PFGE was longer than 300 kb, there must be a mini- mum distance of at least 300 kb between the different Not1 clones analyzed. Thus, although several Not1 sites have been found to be clustered in 6q24-qter, the Not1 clones do not originate from identical sites within this chromosome band.
DISCUSSION
This report describes the assembly and development of a somatic cell hybrid mapping panel and the isolation and localization of polymorphic probes and Not1 linking clones from chromosome 6. The panel has been specifically developed to more accurately subdivide and extend mapping information around region 6q21-qter. This region has been documented to be the site of nonrandom chromosome alterations associated with human malignant melanoma, with recent biologic (Trent et al., 1990) and molecular studies (Meese et al., 198913; Milliken et al., 1991) With regard to the regional assignment of Not1 linking clones, the human genome is estimated to contain approximately 10,000 Not1 restriction sites; thus, there are expected to be approximately 500 Not1 sites on chromosome 6. To utilize these probes more efficiently for physical mapping, these Not1 clones need to be localized further, and our hybrid panel offers a direct approach for regional assignment along the long arm of chromosome 6.
Although preliminary, the results presented here provide evidence for the nonuniform distribution of Not1 clones along chromosome 6, with the majority of Not1 clones localizing within 6q24-qter. While these data are insufficient to address mechanisms for the nonuniform distribution, it appears likely that this library is overrepresented for clones within this region. The finding of nonuniformity of Not1 libraries for this chromosome 6 library is similar to those previously described for several other chromosome-specific Not1 libraries (e.g., Drabkin et d., 1990) .
Finally, it is recognized that the construction of the complete physical and genetic map for a chromosome as large as chromosome 6 is a significant undertaking. However, the delineation of chromosomal regions along the long arm of this chromosome provided by our hybrid panel will simplify this task. The recognition of probes within specific regions should assist in the construction of both physical and genetic linkage maps, and it is hoped that this will facilitate identification of disease gene loci on chromosome 6q. 
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